Reusing the Same Bloodstained Punch for Sequential DNA Amplifications and Typing
BioTechniques 20: [970] [971] [972] [973] [974] (June 1996) Bloodstain cards, which are commonly known as Guthrie cards, are routinely utilized as a solid medium for the long-term storage of blood (3) . The Department of Defense has established a repository to store bloodstain cards as a reference source for DNA to aid in the identification of casualty remains. Collected blood is placed on a card, dried, sealed with a desiccant and stored at -20°C. When a DNA reference is required for a polymerase chain reaction (PCR)-based DNA typing, a 0.5-cm punch is taken from the card, and the DNA is removed from the punch by either an organic extraction (i.e., phenol) or a chelating resin (i.e., Chelex ® ). These extractions have traditionally been time-consuming and tedious since the techniques require either long incubation times, vortex mixing and/or centrifugation.
Recently, we have described a fast, inexpensive protocol for the purification of DNA on the bloodstain card (2). This modified organic method removes inhibitors of PCR from the punch, but the DNA remains associated with the punch for direct amplification. Since there are no vortex mixing and centrifugation steps, this method can be automated using a robotic workstation (2) . One concern about this method, however, was that if multiple tests were desired from a particular sample, then multiple punches would have to be taken from the card, and the purification procedure would have to be performed again. In this paper, we have demonstrated that this is not the case, since the same extracted bloodstain punch can be reused for consecutive amplifications.
Blood samples were collected from the laboratory staff. FTA923 ™ bloodstain cards (Fitzco, Mapleplain, MN, USA) were spotted with whole blood and allowed to dry. All samples were previously typed by validated methods using the AmpliType ® HLA-DQα , AmpliType Polymarker and Amp -FLP ™D1S80 amplification and typing kits, all from Perkin-Elmer (Norwalk, CT, USA). Schleicher & Schuell 903 ™ bloodstain cards (Schleicher & Schuell, Keene, NH, USA) can be substituted.
For sample processing, a 0.5-cm punch was taken from the bloodstain card and placed in either a 96-well microplate for automated purification (2) using a Biomek ™ 1000 Robotic Workstation (Beckman Instruments, Fullerton, CA, USA) or a 1.7-mL microcentrifuge tube for performing the purification manually. For the manual method, the samples were incubated for 30 min in 500 µ L of buffered phenol (Life Technologies, Gaithersburg, MD, USA), washed 3 times with 500 µ L 970BioTechniques
Vol. 20, No. 6 (1996) solution B (75% isopropanol, 25% 0.1 M potassium acetate, pH 7.8), incubated at room temperature for 10 min in solution C (75% isopropanol, 25% 0.01 M magnesium acetate), washed once with 100% isopropanol and dried at 80°C for 10 min. The resultant bloodstained punch is white and is applied directly to a PCR tube. The amount of DNA on a 0.5-cm punch was estimated to be 300-600 ng as determined by extracting the DNA from the punch using Chelex (4) and quantitating the DNA by slot-blot analysis (5). The DNA after extraction was tightly associated with the cards, and boiling the punches for 30 min did not appear to remove the DNA from the card. DNA amplification and typing was accomplished by using the AmpliType HLA-DQα , AmpliType PM and the AmpFLP D1S80 amplification and typing kits according to the manufacturer's recommended protocol (Perkin-Elmer). All amplifications were performed on a Perkin-Elmer Model 9600 thermal cycler.
The amplified D1S80 products were typed on a 8% Tris-sulfate acrylamide/ bis gel. Before pouring the gel, GelBond ® (FMC BioProducts, Rockland, ME, USA) was affixed to one of the plates. Five microliters of the PCR product from each sample and 5 µ L of the D1S80 ladder were loaded on the gel. Electrophoresis was performed at 700 V for 3 h in 1 ×Tris-borate EDTA (TBE). DNA was visualized by staining the gel with silver as described by Bassam et al. (1) .
Between amplifications, the punches were placed in a sterile 1.7-mL microcentrifuge tube, washed with 500 µ L of water, washed with 500 µ L of 100% isopropanol and dried in an oven at 80°C for 10 min. All clean-up and sequential amplifications were performed in a sterile hood that had been exposed to ultraviolet light and cleaned with bleach. A blank punch was utilized in all experiments to control for contamination.
The DNA on FTA923 bloodstain card punches, representing seven individuals, were purified with the modified phenol extraction. The purified punches were first amplified with primers for the D1S80 locus, located on the short arm of chromosome 1 and 972BioTechniques
Vol. 20, No. 6 (1996) Figure 2 . Second amplification-Polymarker. Reverse dot-blot strips from a second amplification (Polymarker) from the same bloodstained punches used for the typing in Figure 1 . Samples A-G represent DNA from the seven different individuals. The negative control represents a reagent blank (no DNA). In each experiment, the "S" dot is clearly visible. The typing results matched those obtained by using DNA purified by the Chelex extraction method (data not shown). consisting of repetitive sequences arranged as 16-bp tandem repeats. The D1S80 products were then separated on a polyacrylamide gel and silver-stained for typing analysis ( Figure 1 ). As expected, the genotypes of the individuals determined from the gel matched the known genotypes (Table 1 ). The known genotypes were obtained using DNA that had been extracted using the validated Chelex method. The punches were then removed from the MicroAmp ® tubes (PerkinElmer) using sterile pipet tips and transferred to a 1.7-mL microcentrifuge tube for clean-up to remove any excess PCR product on the "wet" punch. Although this clean-up step was not essential (caution must be taken with the manipulation of these punches to prevent cross-contamination), it ensured that the second PCR was amplifying the product derived from genomic DNA and not a PCR-carryover product from the first amplification. The washed punches were then ready for the second amplification.
In the second amplification, LDLR, GYPA, HBGG, D7S8, and GC loci of chromosomes 19, 4, 11, 7 and 4, respectively, were amplified 24 h later and typed by using the AmpliType PM kit. The reverse dot-blot strips ( Figure  2 ) from the seven individuals indicated genotypes that were identical to known genotypes (Table 1 ). This demonstrated that there was still a sufficient amount of genomic DNA tightly associated with the punch after the first PCR to perform a second PCR and typing.
Again, the punches were washed, dried and transferred to new reaction tubes. For the third amplification, primers were utilized that amplify the DQαlocus located on chromosome 6, and the resultant PCR products were typed by reverse dot-blot hybridization ( Figure 3 ). All strips of the third amplification showed strong signal intensity and exhibited typing results identical to their predetermined genotypes (Table  1) . Since HLA-DQα , LDLR, HBGG, D7S8 and D1S80 are located on different chromosomes, the amplified product in each separate amplification was derived from DNA present on the paper and not from any previously amplified product.
We have demonstrated that amplifications, performed at different times using different sets of primers, are possible from a single extracted 0.5-mm punch. Each amplification yielded a robust product that was capable of being analyzed by either reverse dot-blot hybridization or polyacrylamide gel electrophoresis. The order of the amplification was not important, and it appeared that there was a significant amount of DNA on the paper to perform each amplification. However, more than three rounds of PCR or clean-up is not recommended, since some signal loss was evident. The percentage of failed firstround amplifications was estimated at <1%. However, it was possible to reuse the punch and repeat the amplification to obtain a product. Although the bloodstained cards in this study were less than 1 year old, this procedure has been successfully applied to type DNA on blood-stain cards that were 5 years old. The procedure described in this paper is recommended for DNA typing of bloodstain cards that are properly stored in a repository and will be used as references samples. These bloodstain cards can accommodate long-term storage of very small amounts of sample, and the entire DNA purification process can be automated for faster sample processing (2). These are desirable properties for facilities establishing DNA typing databanks.
